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INTRODUCTION
Temperature and salinity seem to play important roles in regulating densities of v. vulnificug and 1. parahaemolyticug (14, 16, 5 32) . Increased water temperature appears to favor the survival and -. growth of v. vulnificus and v. parahaemolyticus in the environment.
The peak recovery of v. vulnificus in sites around Galveston Island was in September when water temperature had been above 25OC for 4
' months.
-temperature decreased in the fall (16). v. vulnificug was also isolated Densities of v. vulnificuS rapidly decreased as water more often in two Florida estuaries when water temperature was a greater than 17OC and in a greater proportion of samples over 29°C (32). Kaneko and Colwell (14) found the incidence of v. parahaemolyticus -was directly related to season in the Chesapeake Bay. A temperature of 14' to 19°C was critical for the isolation of the organism from the water column and sediments. When water temperatures reached 28.SoC, . -V . parahaemolvticus counts up to 5.7 x 103 CFU/10 g sediment were
observed. Yet, during the winter, counts of less than 1 CmJ/g were ' typical (14). '' isolated from seawater, sediment, plankton, and animal samples (23,
24). Along the Louisiana coast, v. vulnificus was not recovered from
1 freshwater nor brackish water when salinities were below 1 ppt (28).
However, in a study conducted in two Florida estuaries, v. vulnificus -was isolated more frequently in waters with a salinity > 17 ppt and in a 5 higher proportion of samples with salinities > 23 ppt (32).
7 (30) also attributed a low frequency of v. parahaemolvticus isolation to Sayler et al. the low salinity of their study sites. Colwell et al. (10) were used as controls for all tests and media. ' were used to prepare an active inoculum containing 109 cells ml-1 ' grown in Brain Heart Infusion broth (Difco) 1.5% NaCl and incubated for ' 18 h at 35°C. One-half ml of this inoculum was injected ~ intraperitoneally to 6-8 week old AKRIJ female white mice to ' determine strain pathogenicity (26). Pathogenicity of ' -V . parahaemolvticus isolates was determined by the Kanagawa test
Fresh human blood was used with Wagatsuma's agar (9, 34) to (20).
. determine the isolates ability to cause 13-hemolysis of erithrocytes.
Data analysis. One factor analysis of variance (ANOVA) without
-replication was used to test differences between sites using programs . -developed for a Macintosh computer. Multiple correlation was used to determine relationships between density and water quality parameters.
Any statistical probability less than 0.05 was considered significant -(36).
RESULTS
Representative water quality data for each site is given in Table 1 .
-A total of 409 sucrose negative isolates were examined (Table 2) .
5 nine study sites examined ranged in AODC density from 9.6 x l o 5 to 1.7 3 x lo7 cells ml-1 (Fig. 2 ).
-with viable count densities of both Vibrio spp. and fecal coliforms The The AODC measurement correlated positively (Table 3) . Total bacterial densities also held strong positive correlations 3 with concentrations of phosphate and total phosphorus in the j -environment. The percent activity of the bacterial population at the
Bacterial densities as
. various sites ranged from 14.4 to 74.7 (Fig. 2).
7 measured by both direct count and all viable count methods were negatively correlated with percent activity (Table 3) . Although the -percentage of respiring cells in the bacterial community was much lower than the percent activity for all sites examined ( Fig. 2) , both measurements were significantly positively correlated.
The percentage that Vibrio spp. represented in the total bacterial Yet, Vibrio spp. share -community was very small for all sites (Table 2) .
with the entire bacterial community a significant positive correlation -+ with phosphates and total phosphorus concentrations in the the water.
When densities of fecal coliforms increased so did the density of Vibrio c z spp. as did the proportion of VibriQ spp. in the total bacterial 1J community (Fig. 2 ). CFU ml-1 to 1.5 x 106 CFU ml-1 ( :Densities of Vibrio spp. were not correlated with salinity, while both -sucrose(-) Vibrio spp. ml-1 and the percentage of sucrose(-) Vibrio spp.
5 were negatively correlated with salinity. The percentage of sucrose (-) 5 Vibrio spp. making up the vibrio population decreased with increasing -salinity of the sites ( Table 2 ). The percentage of sucrose(+) Vibrio spp.
a was not correlated with salinity and was generally higher than that of jsucrose(-) VibriQ spp. Densities of sucrose(-) Vibrio spp. at the various sites ranged from 3.24 CFU ml-1 to 12.76 x 105 CFU ml-1 ( Table 2) . In
. shellfish, densities of sucrose(-) Vibrio spp. by site ranged from 1.3 x 2 103 CFU g-1 to 2.7 x 103 mu g-1.
The densities of sucrose(-) Vibrio spp. showed a highly significant -positive correlation with densities of ONPG(+) Vibrio spp. (Table 3 ).
Both the density of ONPG(+) Vibrio spp. and the percentage of sucrose(-)
Vibrio spp. made up of ONPG(+) vibrios were significantly negatively correlated with salinity (Table 3) . A significant difference by site was 2 observed for ONPG(+) Vibrio spp. ml-1.
-showed decreasing percentages of ONPG(+) Vibrio spp. -were not significantly correlated with densities of v. vulnificus.
It is interesting to note that densities of fecal coliforms
Significant negative correlations were observed between densities of -V . vulnificus and; phosphates, total phosphorus, and pH. Kaysner, Food and Drug Administration, Seattle.
1 -V . vulnificus and percent v. parahaemolvticus among sucrose negative -Vibrio spp. was negatively correlated (Table 3) .
These results were confirmed on isolates sent to Charles A:
The percent
.. The fact that the organism was never isolated favorable to this bacteria from sandy beaches indicates that although it can tolerate high salinity -environments, it is an estuary and marsh inhabitant.
DISCUSSION
On the coast of West Africa (6), the lagoon system proved to be the most important reservoir of v. parahaemolvticus. The seasonality observed in the incidence of this bacterium for West Africa was closely related to salinity. During the dry season, when isolation was most 2 2 frequent, salinity of the lagoons was between 15 and 21 ppt. The rainy -3 season, which rendered lagoon salinity between 1.6 and 4.2 ppt had the 2* lowest incidence of v. para haemolvticug. These findings are in close , s agreement to the present study. Maximum densities of v. parahaemolvticus in this study were : observed for Bayamon River Channel estuary (3.2 x 107 CFU 100 ml-1).
These elevated densities contrast markedly with those obtained for .. temperate estuaries. 5 densities of 400 CFU 100 ml-1 in Chesapeake Bay. Kaneko and Colwell (14) 
24
The results of the present study demonstrated a significant 2 5 positive correlation between fecal coliform levels and density of 1 9
. -* V parahaemo lvticug in the water column. Watkins and Cabelli (35) : also reported a significant positive correlation between the level of fecal pollution and density of v. parahaemolvticus.
that it's densities decreased sharply with distance from the source of These authors observed 5 fecal pollution.
6 2.3 x 103 100 ml-1.
Maximum density of E. coli recorded in their study was
Maximum density of fecal coliforms in the present -study was recorded for Bayamon River Channel estuary, 3.0 x lo5 CFU 100 ml-1.
between the tropical and temperate estuaries may be attributed not Thus, the difference in densities of v. parahaemolvticus * only to temperature differences but also to differences in levels of fecal con tamination.
-
The present study indicates that v. vulnificus and -V . parahaemolvticus behave distinctly in tropical waters. While one -species is strongly associated with fecal contamination the other is not.
In addition, both species appear to be strongly influenced by some of the same environmental factors, but with opposite effects. While
. highest densities of v. vulnificus were obtained at low salinities, ~ -V . parahaemolvticus densities were greatest at high salinities.
Phosphate and total phosphorus levels both were significantly -'-correlated with densities of v. vulnificus and v. parahaemolvticus;
: however, like salinity these relationships were inverse. The differences -2 observed indicate that these two organisms, although very similar, -> occupy clearly separate niches in the tropical aquatic ecosystems.
.. Vibrio parahaemolvticuS on the coast of Togo. Bull.
:
Organ. 51:353-360.
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